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Abstract: The oil content and fatty acid compositions of 5 Bupleurum species (B. intermedium, B. lancifolium, B.
croceum, B. rotundifolium, and B. cappadocicum) were determined. Their oil contents ranged from 2.87% to 4.20%. Gas
chromatography (GC) was used for the fatty acid composition. Twenty-one fatty acids were identified and quantified
by GC. Oleic acid (C18:1) accounted for more than 50% of the total fatty acids in 3 of the Bupleurum species (B.
intermedium, B. lancifolium, and B. rotundifolium). The total unsaturated fatty acid contents varied from 67.28% in B.
cappadocicum to 87.06% in B. rotundifolium. The total saturated fatty acids represent 12.94% to 32.72% of the total lipid
content. The main saturated fatty acids were palmitic (C16:0), stearic (C18:0), and myristic (C14:0). Moreover, cluster
analysis was performed to determine the relationship between the species in terms of the fatty acid profiles.
Key words: Bupleurum, Apiaceae, fatty acid composition, unsaturated fatty acids, Turkey

Introduction
Fatty acids are the main component of lipids
such as phospholipids, triglycerides, and
monoglycerides. They can be saturated (no double
bond), monounsaturated (1 double bond), or
polyunsaturated (2 or more double bonds). Fatty
acids have many important biological properties
such as energetic, metabolic, and structural activities.
Moreover, they can be associated with some
chronic and degenerative diseases. For example, the
consumption of mono/poly unsaturated fatty acids is
beneficial in reducing cholesterol and thus the risk
of myocardial diseases (1). Therefore, unsaturated
fatty acids have been the object of increasing interest
in recent years. Many plant oils, such as canola,
olive, and soybean oils, are rich in the more healthy
unsaturated fatty acids. However, information about
wild plant lipid composition in the literature is scarce.
For these reasons, the determination of new sources

of unsaturated fatty acids has become one of most
attractive issues in the scientific realm.
Apiaceae represents one of the best-known
plant families, widely distributed in temperate
climate regions where they are often used as spices,
vegetables, or drugs owing to the presence of useful
secondary metabolites (2,3). The genus Bupleurum
is represented by about 180 to 190 species spreading
through Eurasia, the Mediterranean area, and North
Africa (4) with 47 species, including 21 endemics,
recorded in the Turkish flora (5,6). Some Bupleurum
members are used in the treatment of various
ailments, such as influenza, fever, and malaria, in
folk medicine (7). Many Bupleurum species have
been examined to evaluate their flavonoid content,
essential oil composition, antioxidant properties,
and fatty acid composition (8-11). To the best of
our knowledge, there is little information about the
biological and chemical properties of the Bupleurum
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species growing in Turkey (12). Therefore, more
studies on the Bupleurum species are necessary.
The present paper describes a study undertaken in
order to determine the fatty acid composition of 5
Bupleurum species collected from the Turkish flora.
Materials and methods
Plant materials
Bupleurum species were collected from the central
Anatolia region of Turkey during their flowering
season (May and June of 2009). The plants were
identified by Dr Tuna Uysal from the Section of
Botany, Department of Biology, Faculty of Science,
Selçuk University. The voucher specimens were
deposited in KNYA herbarium at the Department of
Biology, Selçuk University. The complete list of plant
materials, with taxonomical information, locations,
and voucher numbers, is shown in Table 1.
Extraction of oils
The oil extraction of dried and powdered aerial
plants (20 g) was carried out at 60 °C for 6 h using a
Soxhlet extractor with petroleum ether as a solvent.
The solvent was evaporated using a rotary evaporator.
The obtained oil was esterified to determine the fatty
acid composition.
Fatty acid methyl ester preparation
The fatty acids in the total lipids were esterified into
methyl esters by saponification with 0.5 N methanolic
NaOH and transesterified with 14% BF3 (v/v) in
methanol (13).
Gas chromatographic analysis
Fatty acid methyl esters (FAMEs) were analyzed by gas
chromatography (GC) on a HP Agilent 6890N model

gas chromatograph (Hewlett Packard, CA, USA)
equipped with a flame ionization detector (FID) and
fitted to a HP-88 capillary column (Hewlett Packard)
(100 m length, 0.25 mm i.d., and 0.2 μm thickness).
Analyses were performed according to our previous
method (12). The injector and detector temperatures
were set at 240 and 250 °C, respectively. The oven was
held at 160 °C for 2 min. Thereafter, the temperature
was increased to 185 °C at a rate of 4 °C/min, then
increased to 200 °C at a rate of 1 °C/min and held at
200 °C for 46.75 min. The total run time was 70 min.
Helium was used as the carrier gas (1 mL/min).
Identification of the fatty acids and statistical
analysis
Identification of the fatty acids was carried out by
comparing sample FAME peak relative retention times
with those obtained for Alltech and Accu standards.
The results were expressed as the FID response area
in relative percentages. Each reported result is given
as the average value of the 3 GC analyses. The results
are given as means ± standard deviation (SD). The
cluster analysis of the data on the fatty acid profiles
of the studied samples was performed with Ward’s
method using Statistica 8.0.
Results and discussion
Table 2 shows the determined amount of oil in the
aerial parts and the fatty acid composition of the
oils extracted from 5 Bupleurum species. The crude
oil content of the Bupleurum species varied from
2.87% for B. rotundifolium to 4.20% B. lancifolium.
Twenty-one different fatty acids were identified,
with their carbon numbers ranging from C8 to C20.
Generally, oleic (C18:1 ω9), linoleic (C18:2 ω6), and
palmitic (C16:0) acid were the major components in

Table 1. Localities and voucher numbers of the 5 Bupleurum species.
Bupleurum species

Locality

Voucher no.

Bupleurum intermedium Poir.

Karaman: Ermenek-Kazancı road, 1250 m

HT 1010KNYA

Bupleurum lancifolium Hornem.

Karaman: Ermenek-Kazancı road, 1250 m

HT 1009KNYA

Bupleurum croceum Fenzl

Konya: Altınapa, around Değirmenköy, 1200 m

HT 1007KNYA

Bupleurum rotundifolium L.

Konya: in the center of Bozkır village, 1100 m

HT1001KNYA

Bupleurum cappadocicum Boiss.

Karaman: Karaman-Mut road, 1400 m

HT 1008KNYA
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Table 2. Fatty acid composition of the 5 Bupleurum species (%)*.
Fatty acids

B. intermedium

B. lancifolium

B. croceum

B. rotundifolium

B. cappadocicum

C 8:0

0.08 ± 0.01**

0.14 ± 0.04

0.21 ± 0.02

0.07 ± 0.01

1.77 ± 0.04

C 10:0

0.05 ± 0.01

0.03 ± 0.01

0.02 ± 0.01

0.04 ± 0.01

0.13 ± 0.04

C 11:0

0.02 ± 0.01

0.01 ± 0.01

0.01 ± 0.01

0.01 ± 0.01

0.16 ± 0.01

C 12:0

0.45 ± 0.01

0.27 ± 0.01

0.15 ± 0.01

0.19 ± 0.01

0.62 ± 0.06

C 13:0

0.02 ± 0.01

0.01 ± 0.01

0.01 ± 0.01

0.01 ± 0.01

0.06 ± 0.01

C 14:0

1.51 ± 0.01

0.63 ± 0.01

1.06 ± 0.01

0.58 ± 0.01

2.56 ± 0.02

C 15:0

0.17 ± 0.08

0.05 ± 0.03

0.15 ± 0.03

0.11 ± 0.02

0.34 ± 0.01

C 16:0

15.30 ± 0.08

10.29 ± 0.13

14.66 ± 0.20

10.56 ± 0.06

24.03 ± 0.06

C 17:0

0.15 ± 0.01

0.04 ± 0.01

0.04 ± 0.01

0.06 ± 0.01

0.28 ± 0.01

C 18:0

2.59 ± 0.12

1.52 ± 0.05

1.99 ± 0.45

1.29 ± 0.09

2.74 ± 0.06

C 20:0

0.02 ± 0.01

0.02 ± 0.01

0.02 ± 0.01

0.02 ± 0.01

0.03 ± 0.01

ΣSFA***

20.36 ± 0.13

13.01 ± 0.28

18.32 ± 0.27

12.94 ± 0.01

32.72 ± 0.01

C 14:1 ω5

2.30 ± 0.01

1.25 ± 0.01

1.02 ± 0.01

1.02 ± 0.01

2.40 ± 0.03

C 15:1 ω5

0.01 ± 0.01

0.02 ± 0.01

0.01 ± 0.01

0.02 ± 0.01

0.27 ± 0.02

C 16:1 ω7

1.29 ± 0.10

0.90 ± 0.02

1.04 ± 0.29

0.63 ± 0.12

1.97 ± 0.16

C 17:1 ω8

0.02 ± 0.01

0.02 ± 0.01

0.01 ± 0.01

0.02 ± 0.01

0.05 ± 0.01

C 18:1 ω9

54.04 ± 0.23

69.36 ± 0.39

48.89 ± 0.264

62.86 ± 0.07

26.21 ± 0.57

C 20:1 ω9

0.28 ± 0.06

0.02 ± 0.01

0.04 ± 0.01

0.05 ± 0.04

0.46 ± 0.08

ΣMUFA***

57.94 ± 0.08

71.57 ± 0.35

51.01 ± 0.02

64.60 ± 0.22

31.36 ± 0.39

C 18:2 ω6

17.33 ± 0.04

13.88 ± 0.12

27.72 ± 0.16

21.46 ± 0.14

22.95 ± 0.06

C 18:3 ω6

0.02 ± 0.01

0.02 ± 0.01

0.01 ± 0.01

0.02 ± 0.01

0.02 ± 0.01

C 18:3 ω3

4.28 ± 0.09

1.50 ± 0.21

2.92 ± 0.13

0.93 ± 0.10

12.85 ± 0.40

C 20:2 ω6

0.07 ± 0.01

0.02 ± 0.01

0.02 ± 0.01

0.05 ± 0.01

0.10 ± 0.05

ΣPUFA***

21.70 ± 0.01

15.42 ± 0.07

30.67 ± 0.29

22.46 ± 0.23

35.92 ± 0.40

ΣUFA

79.64 ± 0.13

86.99 ± 0.28

81.68 ± 0.27

87.06 ± 0.01

67.28 ± 0.01

ω6:ω3

4.07 ± 0.10

9.28 ± 1.38

9.50 ± 0.36

23.15 ± 2.34

1.80 ± 0.06

3.44

4.20

3.38

2.87

4.06

Oil content
*

Average of the 3 lots analyzed.
Values reported are means ± SD.
***
SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, and PUFA: polyunsaturated fatty acids.
**
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the oils. These fatty acids in the B. lancifolium and
B. rotundifolium oils accounted for more than 80%
of the total fatty acids. Similar results were reported
by Saracoglu et al. (12) for 5 Bupleurum species that
are endemic to Turkish flora (oleic: 8.81%-68.30%,
linoleic: 12.18%-25.50%, and palmitic: 12.47%47.85%).
Regarding oleic acid, the highest and lowest
percentages were observed at 69.36% in B. lancifolium
and 26.21% in B. cappadocicum. Oleic acid has an
important role in nerve cell construction. Moreover,
the fatty acid can protect against cardiovascular
diseases (14). Therefore, the studied Bupleurum oil
can be considered as a source of oleic acid and has
nutritional value. In accordance with our study, oleic
acid has been identified as the major fatty acid in
some Apiaceae species, such as Ferulago trachycarpa
(15), Heracleum candicans, and Seseli tortuosum
(16,17). Moreover, in our previous study (12), the
oleic acid content of 5 endemic Bupleurum species
collected from Turkey varied from 8.81% to 68.30%.
As far as our literature survey could ascertain, a
positional isomer of oleic acid (C18:1 ω6) was the
most abundant fatty acid in the Apiaceae species. For
example, Bagci (18) reported that a positional isomer
of oleic acid (C18:1 ω6) was the most abundant fatty
acid in some seed samples belonging to the family
Apiaceae. On the other hand, this fatty acid was
determined in some other family patterns. Similarly,
the fatty acid was not detected in the oils of the aerial
parts of the studied Bupleurum species. The other
monounsaturated fatty acids, including myristoleic
(C14:1), palmitoleic (C16:1), cis-11 eicosanoic
(C20:1), pentadecanoic (C15:1), and heptadecanoic
(C17:1) acid, were found in minute quantities and
the percentages of these fatty acids were 1.02%2.40%, 0.63%-1.97%, 0.02%-0.46%, 0.01%-0.27%,
and 0.01%-0.05, respectively.
Linoleic and linolenic acid are known as essential
fatty acids for human health because these fatty acids
cannot be synthesized in the human body. These
fatty acids were identified as major polyunsaturated
fatty acids in the oil. Thus, the studied species can
be considered as a source of essential fatty acids.
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These results are in accordance with those obtained
by other authors for species of these genera (8,9,12)
and in other Apiaceae species (19). Among the
studied Bupleurum oils, the highest content of
linoleic acid was observed in B. croceum (27.72%).
Linolenic acid was found at a high concentration in
B. cappadocicum oil, at 12.85%. The fatty acid level
of the fatty acid composition in B. rotundifolium was
below 1%. Other polyunsaturated fatty acids (C18:3
ω6, C20:2 ω6) were found in lesser concentrations
and at similar values in all of the species examined.
The main saturated fatty acids in the studied oils
were palmitic and stearic acid; palmitic acid was
the predominant fatty acid constituent, ranging
from 10.29% to 24.03%. The highest percentage of
palmitic acid was recorded in B. cappadocicum oil.
This species has very similar myristic and stearic acid
contents (2.56% and 2.74%, respectively). Stearic
acid (1.29%-2.74%) was detected at a lower level than
palmitic acid in the oils. Similarly, other studies have
confirmed the major saturated fatty acids reported
in the present study. For example, the same results
were reported for Ferulago pauciradiata and Carum
carvi (18,20). The present study also showed that the
studied Bupleurum species contain low amounts of
caprylic (C8:0), capric (C10:0), undecanoic (C11:0),
lauric (C12:0), tridecanoic (C13:0), pentadecanoic
(C15:0), heptadecanoic (C17:0), and arachidic
(C20:0) acid.
The fatty acid profile of the oils showed a
predominance of monounsaturated fatty acids
ranging from 31.36% in B. cappadocicum to 71.57%
in B. lancifolium. Saturated fatty acids represent
12.94% to 32.72% of the total lipid content. The
total saturated fatty acid content was higher than
the total monounsaturated fatty acid content in
B. cappadocicum. Polyunsaturated fatty acids
represented around 15.42%-35.92% of the total
lipid content. The growing literature illustrates the
benefits of polyunsaturated fatty acid in alleviating
some chronic and degenerative diseases, such as
cardiovascular diseases, inflammatory diseases, and
diabetes (21). Thus, the studied oil can be considered
as a new source of polyunsaturated fatty acids. The
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total unsaturated fatty acid (mono + polyunsaturated
fatty acid) content reached 87.06% of the total fatty
acids in B. rotundifolium oil. This reported value is
higher compared to other Bupleurum and Apiaceae
species (8,9,12). The ω6-to-ω3 ratio is an important
parameter for screening the quality of lipids.
According to the Food and Agriculture Organization,
the ratio should be between 5:1 and 10:1. This value
ranged from 1.80 in B. cappadocicum to 23.15 in B.
rotundifolium. Two species had a ω6-to-ω3 ratio below

5 (B. cappadocicum and B. intermedium). Although
B. rotundifolium showed a good composition with
respect to the total unsaturated and saturated fatty
acid content, it had the worst ω6-to-ω3 ratio.
Cluster analysis was also carried out in order
to determine the relationship between the studied
Bupleurum species on the basis of their fatty acid
composition. The obtained dendrogram classified
the species into 2 groups (Figure). The first group was
characterized by higher contents of oleic acid.
Ward’s method
Euclidean distances

B. intermedium
B. croceum
B. lancifolium
B. rotundifolium
B. cappadocicum
0

10

20

30

40

50

60

70

80

Linkage distance

Figure. Clustering based on the fatty acid composition of the studied Bupleurum species.

The second group, including B. cappadocicum,
was characterized by higher concentrations of
palmitic acid. B. lancifolium and B. rotundifolium
were determined as being the most similar species
having the highest oleic acid content. Because B.
cappadocicum had the highest level of palmitic acid,
it was the most different among the studied species
in terms of fatty acid composition. Interestingly, the
proportion of α-linolenic acid (C18:3 ω3) reached
12.85% in the fatty acid composition of the B.
cappadocicum oil.
The results of the present work indicate that
the studied Bupleurum species are rich sources of
unsaturated fatty acids. Oleic acid was identified
as the major fatty acid in the species, followed by
linoleic and palmitic acid. Because the Bupleurum
oils have healthy fatty acid compositions, the oils

are favorable for food and the pharmacological and
cosmetic industry. Further studies should be carried
out to evaluate other nutritional properties of the oils.
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